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(57) ABSTRACT

The invention relates to a portable electronic device, compris-
ing: a housing comprising at least one hole; and at least two
directional microphones mounted in the housing and placed
coincidentally for stereo sound pickup, each one of the micro-
phones defining a main sound axis and each one of the two
directional microphones defining a direct sound direction and
a opposite sound direction which describe opposite directions
of the main sound axis, wherein the at least one hole is a
common hole shared between the at least two directional
microphones such that the main sound axis of the at least two
directional microphones are pointing through the common
hole in different directions.
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1
PORTABLE ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/EP2012/064085, filed on Jul. 18, 2012,
which is hereby incorporated by reference in its entirety.

BACKGROUND

The present invention relates to a portable electronic device
with microphones for stereo audio recording, in particular to
a mobile phone, a Smartphone and a Tablet PC with micro-
phones for stereo audio recording.

XY techniques for stereo audio recording as depicted in
FIG. 6 use two coincident microphones 605a, 6055, that
means, microphone capsules at the same place, i.e., two
microphones 605a, 6055 are mounted closely together to
prevent almost totally time delay effects. At ideal conditions,
this results in pure intensity stereo signals which can be
summed to mono without comb-filter effects. This provides
an unrestricted mono compatibility.

The XY technique uses two identical directional micro-
phones 605a, 6055, e.g., cardioid or figure eight micro-
phones. In relation to the recording axis 610, they are
arranged at equal and opposed offset angles o with regard to
their main directions 602a of stereo recording.

Or put differently, in relation to the recording axis 610 of
the directional microphone arrangement formed by the pair of
coincident directional microphones 6054, 6055, the two coin-
cident microphones 6054, 6056 are arranged such that the
directional microphones’ direct sound directions 602a are
offset from the recording axis 610 by equal and opposed
offset angles a.. The recording axis 610 is also referred to as
recording direction 610 of the microphone arrangement, cen-
tral axis 610 for stereo recording or central direction 610 for
stereo recording. Typical offset angles a are between —/+30°
and —/+60° apart from the central direction of the stereo
recording represented by the recording axis 610. For cardioid
microphones, as shown in FIG. 6, the X microphone 6055
pointing leftward supplies the left signal directly, and the Y
microphone 605a pointing rightward supplies the right sig-
nal. The stereophonic properties depend on the directional
characteristics of the microphones and the offset angle a.. A
reduced angle o will provide a minimum or narrow stereo
image, whereas a large angle o will provide a wider stereo
image. Thus, the angle f§ as depicted in FIG. 6, with f=2*q,
represents a measure of the width of the stereo image,
wherein the larger angle {3, the larger the perceived width of
the stereo image.

FIG. 7 shows the Blumlein stereo arrangement based on
figure eight microphones. The I microphone 7055 has its
main lobe pointing leftward and provides directly the left
signal, while the R microphone 7054 offers the perfect sym-
metry and provides the right signal. The two microphones
705a, 7055 correspond to the two directional microphones
605a, 6055 of F1IG. 6, and the direct sound directions 702a of
the two directional microphones 705a, 7055 correspond to
the direct sound directions 602a of the two directional micro-
phones 605a, 6055 of FIG. 6.

The Blumlein pair consists of an array of two matched
microphones 705a, 7056 of bi-directional pickup pattern,
positioned =90° from each other, which corresponds to an
offset angle a of 45° for each of the two directional micro-
phones 7054, 7055 with regard to the central direction 710 for
stereo recording. Ideally, the transducers should occupy the
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same physical space; as this is impossible the microphone
capsules are placed as close to each other as physically pos-
sible, generally with one microphone 7054 centered directly
above the other microphone 70554. The microphone array is
oriented so that the line 710 bisecting the angle [} between the
two microphones 705a, 7055, i.e. the recording axis 710
points towards the sound source to be recorded. The pickup
patterns of the microphone pair combined with their position-
ing, delivers a high degree of stereo separation in the source
signal.

There are two typical microphone configurations in current
mobile phones. The first one has only one single omnidirec-
tional microphone which is used for communication and
mono sound pickup. The other configuration is shown in FI1G.
8. The mobile phone has two omnidirectional microphones, a
main microphone 813 and an auxiliary microphone 807. The
main microphone 813 is arranged on the bottom side 817 of
the mobile phone which can be associated together with dock
connectors 809 for optional dock accessories and USB port
811. The auxiliary microphone 807 is located at the back side
815 or back cover 819 of the mobile phone together with
camera 805, e.g., 5 megapixel camera with autofocus, camera
flash 801 and speaker 803. The main microphone 813 is used
for the sound pick up, i.e., for communication application as
well as simple audio/video recording. The auxiliary micro-
phone 807 is used for noise cancellation and gain control.

SUMMARY

Itis the object of the disclosure to describe a mobile device
such as a mobile phone, a Smartphone or a Tablet PC with
stereo sound pick up ability.

It is a further object of the disclosure to describe a mobile
device such as a mobile phone, a Smartphone or a Tablet PC
with improved stereo sound pick up ability.

These objects may be achieved by the features of the inde-
pendent claims. Further implementation forms are apparent
from the dependent claims, the description and the figures.

The invention is based on the finding that employing direc-
tional microphones in a mobile device, e.g. in amobile phone,
not only introduces stereo sound pick up ability for mobile
devices but introduces an improved stereo sound pick up
ability compared to a use of omnidirectional microphones.
Furthermore, the present invention describes a specific hous-
ing for directional microphones. Normally, the thickness of
Smartphones is constrained to several millimeters; this spe-
cific form factor is quite different from other terminals such as
cameras and camcorders and imposes different constraints in
terms of microphone positions and housing. The present
invention improves the situation by placing two directional
microphones coincidentally for stereo sound pickup, wherein
a common hole in the housing is shared by the two micro-
phones. Due to the minimum distance between the coincident
microphones such a common hole arrangement provides bet-
ter left/right separation and wider stereo sound images for
small portable electronic devices, e.g. mobile phones, smart-
phones and tablet PCs. At the same time this coincident
arrangement of the directional microphones and the common
hole arrangement offers a place-saving design for the mobile
device and allows to keep the number and size of holes in the
housing of the mobile device at a minimum.

An omnidirectional microphone needs only one hole in the
terminal as opposed to directional microphones which
require two holes. The omnidirectional microphone offers a
uniform directivity pattern in all directions, equivalent to a
sphere, and only one hole is then required for the microphone
housing 813. The size of the hole and the actual microphone
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housing 813 will affect the directivity of the complete system,
but a single hole is sufficient for perfect sound pickup. Two
omnidirectional microphones mounted with a spacing of sev-
eral centimeters can also be used in order to obtain a stereo
recording, however, such system will provide only a limited
stereo image, due to the short distance when mounted on a
mobile phone and the uniform directivity which limits the
energy differences between the signals picked up by the two
microphones. It is then possible to use directional micro-
phones, Such designs need four separate holes, two for each
directional microphone, i.e. one for the direct sound direction
and one for the opposite sound direction for each of the two
directional microphones. As the holes for the opposite direc-
tions have to be arranged at the opposite side of the head of the
microphone, the positioning of the directional microphones is
limited by other technical design constraints like the interior
arrangement of the other components, e.g. the circuit board,
the display or the battery pack, of the portable electronic
device. In order to limit the impact of the housing on the
directional microphone directivity, the holes have to be suf-
ficiently large. In case of four separate holes, this can have a
strong impact on the design of the portable electronic device.

In order to describe the invention in detail, the following
terms, abbreviations and notations will be used:

Mic: microphone,
L: left channel,
R: right channel,
A, B, C: users.

Within the context of this application, the terms “sound
pick up” and “sound recording” are used synonymously, if
not mentioned differently, and refer in general to the conver-
sion of acoustical signals into electronic signals. In other
words, the term “sound recording” shall not be interpreted in
the limited sense of recording and storing the audio signals
(e.g. in analogue or digital form in a memory or on a tape or
on any other storage medium) as the embodiments of the
invention can also be used for simply converting the acoustic
signals into electronic signals to send them to any information
sink, wherein the information sink maybe another terminal, a
storage medium, etc.

In the following, directivity polar patterns are defined. A
given microphone’s pattern of directivity, called its polar
pattern is defined by the particular transducer design imple-
mented in its capsule. A polar diagram or a polar pattern is a
form of a two-dimensional contour map showing the micro-
phone’s output usually in dB at different angles of incident of
a sound wave. The greater the plot is from the center the
greater the output of the microphone is at that angle. A dia-
grammatic representation of a given capsule’s polar pattern is
intended to show its average response. Exact patterns will be
frequency dependent. In general most off-axis attenuation
occurs with higher frequencies where wavelength is shorter
and the masking effect of the body is therefore greatest.

The following five most common directivity characteris-
tics are known as:

omni-directional (all around),

figure eight (bi-directional) front and rear,

cardioid (unidirectional) heart shaped,

super cardioid,

hyper cardioid,
wherein, term directional microphone is used as the generic
term for all microphones which are not omnidirectional
microphones, and refers to microphones that respond differ-
ently to sounds arriving from different directions, wherein the
direction dependent sensitivity to acoustic signals is defined
or described by the directional microphones’ directivity pat-
tern.
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In more detail, all microphones work by sensing the pres-
sure difference on either side of a thin sheet known as a
diaphragm. Ultimately, there are really only two fundamental
microphone principles—pressure-operated  (omnidirec-
tional) and pressure-gradient (directional).

In a pressure-operated microphone, one side of the dia-
phragm is open to the atmosphere and is able to respond to the
microscopic changes in pressure representing sound. The
other side faces an enclosed volume which effectively con-
tains a fixed ‘reference’ air pressure so the diaphragm moves
in response to the difference between the passing sound wave
and the reference. It doesn’t matter from which direction the
sound wave comes, or where it is headed, the microphone
merely senses its presence, and is therefore omnidirectional
in its polar pattern.

In a pressure-gradient microphone, the diaphragm is still
sensitive to the difference in pressure on either side, but this
time both sides are exposed to the atmosphere, and therefore
to the changing pressure caused by passing sound waves. A
sound arriving in the plane of the diaphragm will present
identical pressures on both sides and, consequently, there will
be no net movement. There is no pressure gradient across the
diaphragm and so the microphone is deaf to sounds on this
axis. In contrast, sounds arriving perpendicular to the dia-
phragm will create a large pressure difference between front
and rear, and it will be moved a maximum amount as a result.
This mechanism’s polar pattern therefore looks like a figure
eight, with the maximum sensitivity to sound on-axis to the
diaphragm and the minimum sensitivity perpendicular to this.
The same principal applies to cardioid, super cardioids and
hyper cardioid microphones.

Accordingly, the term directional microphone encom-
passes, for example, figure eight microphones, cardioid heart
shaped microphones, super cardioid microphones and hyper
cardioid microphones but not omnidirectional microphones.

The term “coincident microphones” refers to two (or more)
microphones which are placed as close as possible to each
other so that the path length from any sound source to either
microphone of the coincident microphones is for all practical
purposes, the same. Indeed, the distance between the micro-
phones can be then considered as negligible compared to the
wavelength of the audio signal. Therefore, the term “coinci-
dent microphones” refers to a microphone arrangement,
wherein the two or more microphones, typically a pair of
directional microphones, are arranged less than 2 cm spaced
apart from each other, preferably less than 1 cm spaced apart
from each other, and more preferably overlap, wherein the
closer the transducers of the coincident microphones are the
smaller the propagation delay between the coincident micro-
phones and the better the stereo image obtained by, for
example, simply using the audio signals obtained from the
coincident directional microphones.

According to a first aspect, the invention relates to a por-
table electronic device, comprising: a housing comprising at
least one hole; and at least two directional microphones
mounted in the housing and placed coincidentally for stereo
sound pickup, each one of the directional microphones defin-
ing a main sound axis, a direct sound direction and an oppo-
site sound direction.

Such a portable electronic device provides better left/right
separation and wider stereo sound image for small portable
electronic devices, e.g. for mobile phones, smartphones and
tablet PCs. Besides, a place-saving design can be used for an
implementation of the mobile device.

The main sound axis is the axis which is defined by the axis
between the point where the sensitivity of'a directional micro-
phone is at its maximum and the microphone itself, The direct
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sound direction is the direction in which the sensitivity is at its
maximum with positive weighting, the opposite sound direc-
tion is in opposite direction to the direct sound direction. The
direct sound direction and the opposite sound direction
describe opposite directions of the main sound axis. The
housing can comprise separate holes for each of the direct and
opposite sound directions of the coincident microphones or
common holes. The microphones are placed coincidentally in
the housing, i.e., the microphones are located at the same
place in the housing, for example by using microphone cap-
sules at the same place, i.e., two microphones mounted
closely together to prevent almost totally time delay effects.

In a first possible implementation form of the portable
electronic device according to the first aspect, the at least one
hole is a common hole shared between the at least two direc-
tional microphones such that the direct sound directions of
the at least two directional microphones are pointing through
the common hole in different directions.

Portable electronic devices according to the first imple-
mentation form comprising coincident directional micro-
phones allow to design and manufacture housings, which
only comprise one common hole instead of two or more holes
for the direct sound directions of the at least two directional
microphones. The common hole can be the smaller, the
smaller the distance between the diaphragms of the coinci-
dent microphones.

The common hole is a hole arranged for sound pickup in
the direct sound direction, the other two holes required for the
two directional microphones are holes arranged for sound
pickup in the opposite sound direction. The common hole can
but does not have to be located in the front side of the housing.
The other two holes can but do not have to be located in the
back side of the housing. The main sound direction of each
microphone is oriented towards the common hole. More spe-
cifically, the direct sound direction of each microphone is
oriented towards the common hole. The direct sound direc-
tion may be aligned to a coordinate in the common hole such
that it points through the common hole. The opposite sound
direction of each microphone is oriented towards a respective
one of the other two holes. The opposite sound direction may
be aligned to a center of the respective other hole or to another
coordinate in the respective other hole. The housing can com-
prise one further large hole instead of the other two holes,
which can be small in size.

In a second possible implementation form of the portable
electronic device according to the first aspect or the first
implementation form of the first aspect, the housing is con-
figured for housing the portable electronic device and is
formed as a plate defined by two main areas framed by a top
side, a bottom side and two lateral sides, wherein the two
main areas define a front side and a back side of the housing.

The plate is a hollow plate for accommodating the printed
circuit board with the electronic circuits of the portable elec-
tronic device. Its edges can be rounded for avoiding any risk
of'injury. The housing may be formed of synthetic material or
plastics. The housing may be a common housing of'a mobile
phone such as depicted in FIG. 8. The screen is usually
arranged at the front side of the housing, i.e. at that side which
is one of the main areas of the plate. The main areas are the
areas which have the largest size. The front side of the plate or
of the housing is that side which faces to the user when he is
interacting with the electronic device. The back side is the
side opposed to the front side. Depending on the spatial
position of the electronic device, the top side may be the side
at the top position of the electronic device, the bottom side
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may be the side at the bottom position of the electronic device
and the lateral sides may be the sides at lateral positions of the
electronic device.

It is to be understood that the housing may have many
different designs, and that, in particular, the back side, the top
side, the bottom side and the two lateral sides are not limited
to sides which are flat and arranged rectangular to adjacent
sides. On the contrary, the housings of the portable electronic
devices according to the first aspect and any of its implemen-
tation forms may have many different designs, wherein in
particular, the back side, the top side, the bottom side and the
two lateral sides can be flat, curved, graded, etc., and wherein,
furthermore, depending on the form of the sides the transition
between neighboring sides may be smooth, in particular in
case of radiated or rounded backsides.

In a third possible implementation form of the portable
electronic device according to the second implementation
form of the first aspect, the housing comprises a second hole
and a third hole; and the at least two directional microphones
are mounted in the housing such that the opposite direction of
a first one of the at least two microphones is oriented towards
the second hole and that the opposite direction of a second one
of the at least two microphones is oriented towards the third
hole.

In a fourth possible implementation form of the portable
electronic device according to the third implementation form
of the first aspect, the common hole is located in the bottom
side of the housing such that directivity polar pattern of the at
least two directional microphones are directed towards the
bottom side of the housing; and the second hole is located in
a bottom section of the front side and the third hole is located
in a bottom section of the back side of the housing.

The directivity polar patterns are oriented towards the
direct sound direction of the microphones.

Portable electronic devices according to the fourth imple-
mentation form introduce minimum impact on the rest of the
interior technical design of the portable electronic device as
the coincident microphones are arranged at the bottom of the
housing, and allow to pick up stereo images with a wide stereo
image and clear left and right separation of audio sources.

In a fifth possible implementation form of the portable
electronic device according to the third implementation form
of'the first aspect, the common hole is located in the top side
of'the housing such that directivity polar pattern of the at least
two directional microphones are directed towards the top side
of'the housing; and the second hole is located in a top section
of the front side and the third hole is located in a top section
of the back side of the housing.

Portable electronic devices according to the fifth imple-
mentation form introduce minimum impact on the rest of the
interior technical design of the portable electronic device as
the coincident microphones are arranged at the bottom of the
housing, and allow to pick up stereo images with a wide stereo
image and clear left and right separation of audio sources by
holding the portable electronic device like a digital recorder,
i.e. the topside directed towards the audio sources.

In a sixth possible implementation form of the portable
electronic device according to the third implementation form
of'the first aspect, the common hole is located in the front side
of the housing such that a directivity polar pattern of the at
least two directional microphones are directed towards the
front side of the housing; and the second hole and the third
hole are located in the bottom side of the housing.

Portable electronic devices according to the sixth imple-
mentation form introduce minimum impact on the rest of the
interior technical design of the portable electronic device as
the coincident microphones are arranged at the bottom of the
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housing, and allow to pick up stereo images with a wide stereo
image and clear left and right separation of audio sources in
any of the typical usage positions of a mobile phone or smart
phone, e.g. when holding it to the ear, but in particular in
usage positions as typical for conference calls and video
conference calls, where the terminal is fixed or held in front of
the user and other users participating in the conference call,
the front side comprising the display and optionally the cam-
era facing towards the user and the direct sound directions of
the directional microphones also pointing toward the user and
the other participants of the conference. Due to the clear left
and right separation of the audio sources, the voices of the
different participants can be more easily separated by the
listener on the other side of the conference call.

In a seventh possible implementation form of the portable
electronic device according to the first aspect as such or
according to any of the preceding implementation forms of
the first aspect, the two directional microphones are arranged
in the housing (101) to form an angle [} determining a stereo
image width of the two directional microphones, in particular
an angle § between 60 and 120 degrees.

In an eighth possible implementation form of the portable
electronic device according to any of the third to the seventh
implementation forms of the first aspect, the common hole
and the second and third holes are arranged in the housing to
form an angle vy determining a directivity of the two micro-
phones.

In a ninth possible implementation form of the portable
electronic device according to any of the implementation
forms of the first aspect, the portable electronic device com-
prises four directional microphones and at least a first and a
second common hole, wherein the first common hole is a
common hole shared between the first and the second direc-
tional microphones; and wherein the second common hole is
a common hole shared between the third and the fourth direc-
tional microphones.

In a tenth possible implementation form of the portable
electronic device according to the ninth implementation form
of'the first aspect, the portable electronic device comprises a
third and a fourth common hole, wherein the third common
hole is acommon hole shared between the first and the second
directional microphones; and wherein the fourth common
hole is acommon hole shared between the third and the fourth
directional microphones.

In an eleventh possible implementation form of the por-
table electronic device according to the ninth or tenth imple-
mentation form of the first aspect, the first and the second
common hole are located in the front side of the housing.

Portable electronic devices according to the eleventh pos-
sible implementation form introduce a first and a second hole
in the front side of the housing, wherein the direct sound
direction of the first directional microphone and the opposite
sound direction of the second directional microphone are
oriented towards the first hole and wherein the direct sound
direction of the third directional microphone and the opposite
sound direction of the fourth directional microphone are ori-
ented towards the second hole.

In a twelfth possible implementation form of the portable
electronic device according to the tenth or eleventh imple-
mentation form of the first aspect, the third and the fourth
common hole are located in the back side of the housing.

In a thirteenth possible implementation form of the por-
table electronic device according to any of the ninth to twelfth
implementation form of the first aspect, the first and the third
directional microphones and the second and the fourth direc-
tional microphones are arranged as pairs of coincident direc-
tional microphones in the housing.
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In a fourteenth possible implementation form of the por-
table electronic device according to the thirteenth implemen-
tation form of the first aspect, the two pairs of coincident
directional microphones are arranged in the housing to form
an angle P determining a stereo image width of the two pairs
of microphones, in particular an angle [} between 60 and 120
degrees.

In a fifteenth possible implementation form of the portable
electronic device according to the thirteenth implementation
form or according to the fourteenth implementation form of
the first aspect, the portable electronic device comprises a first
camera mounted in the front side of the housing, a second
camera mounted in the back side of the housing and a con-
troller configured to control the selection of one of the two
pairs of coincident directional microphones and the selection
of one of the two cameras.

In a sixteenth possible implementation form of the portable
electronic device according to any of the thirteenth to fif-
teenth implementation forms of the first aspect, the portable
electronic device comprises a first camera mounted in the
front side of the housing, a second camera mounted in the
back side of the housing and a controller configured to control
the selection of one of the two pairs of microphones and
selection of one of the two cameras such that the pair of
coincident directional microphones with a recording direc-
tion in direction of the front side is selected when the first
camera is selected and/or that the pair of coincident direc-
tional microphones with a recording direction in direction of
the backside side is selected when the second camera is
selected.

One ofthe advantages of these implementation forms is the
capacity to control the orientation of the stereo recording
toward the selected side. The selection of the pair of direc-
tional microphones can be controlled together with the selec-
tion of the camera. When the terminal is equipped for video-
conferencing applications with two cameras, e.g. one camera
positioned in the front and another camera on the back, the
user can select which camera is used and transmitted. In this
implementation form, the selection of the pair of micro-
phones can be associated with the selected camera.

In a seventeenth possible implementation form of the por-
table electronic device according to any of the ninth to the
sixteenth implementation forms of the first aspect, the four
directional microphones are arranged in the housing such that
the direct sound directions of the first directional microphone
points to the opposite sound directions of the second direc-
tional microphone and such that the direct sound direction of
the third directional microphone points to the opposite sound
direction of the fourth directional microphone.

In an eighteenth possible implementation form of the por-
table electronic device according to any of the preceding
implementation forms of the first aspect, the at least two
directional microphones are cardioid microphones or figure-
eight microphones.

In a nineteenth possible implementation form of the por-
table electronic device according to any of the preceding
implementation forms of the first aspect, a thickness of the
housing is smaller than 2 cm, in particular smaller than 1 cm.

In a twentieth possible implementation form of the por-
table electronic device according to the first implementation
form of the first aspect, the portable electronic device com-
prises four directional microphones and a first and a second
common hole, wherein the first common hole is a common
hole shared between the four directional microphones; and
wherein the second common hole is a common hole shared
between the four directional microphones.
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According to a second aspect, the invention relates to a
method for producing a portable electronic device, compris-
ing: providing a housing comprising at least one hole; and
mounting at least two directional microphones coincidentally
in the housing for stereo sound pickup, each one of the micro-
phones defining a direct sound direction and an opposite
sound direction, wherein the at least one hole is a common
hole shared between the at least two directional microphones
such that the direct sound directions of the at least two direc-
tional microphones are oriented towards the common hole.

According to a third aspect, the invention relates to a
method for operating a portable electronic device, compris-
ing: operating the portable electronic device comprising a
housing comprising at least one hole; and at least two direc-
tional microphones mounted in the housing and placed coin-
cidentally for stereo sound pickup, each one of the micro-
phones defining a direct sound direction and an opposite
sound direction, wherein the at least one hole is a common
hole shared between the at least two directional microphones
such that the direct sound directions of the at least two direc-
tional microphones are oriented towards the common hole.

The implementation forms of the first, second and third
aspects can be easily adapted such that the direct sound direc-
tions and the opposite sound directions of the directional
microphones are exchanged with respect to the ones
described in the previous implementation forms. Hence, the
opposite sound directions of the at least two directional
microphones are pointing through the common hole in dif-
ferent directions. All the corresponding implementation
forms can be easily derived from the previous implementa-
tion forms.

BRIEF DESCRIPTION OF THE DRAWINGS

Further embodiments of the invention will be described
with respect to the following figures, in which:

FIG. 1 shows a perspective diagram including front view,
back view, bottom view and side view of a portable electronic
device arranged in portrait position according to an imple-
mentation form;

FIG. 2 shows a perspective diagram including front view,
back view, bottom view and side view of a portable electronic
device arranged in portrait position according to an imple-
mentation form;

FIG. 3 shows a perspective diagram including front view,
back view, bottom view and side view of a portable electronic
device arranged in portrait position according to an imple-
mentation form;

FIG. 4 shows a first scenario for operating a portable elec-
tronic device according to an implementation form;

FIG. 5 shows a second scenario for operating a portable
electronic device according to an implementation form;

FIG. 6 shows a schematic diagram of two conventional XY
microphones for stereo audio recording;

FIG. 7 shows a schematic diagram ofa conventional Blum-
lein pair of microphones for stereo audio recording; and

FIG. 8 shows a perspective diagram including back view
and bottom view of a conventional mobile phone.

DETAILED DESCRIPTION

FIG. 1 shows a perspective diagram including front view
180, back view 186, bottom view 182 and side view 184 of a
portable electronic device 100 arranged in portrait position
according to an implementation form.

The portable electronic device 100 comprises two direc-
tional microphones 105a, 1055 for stereo sound pickup. Each
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one of the two directional microphones 1054, 1055 defines a
direct sound direction 1064 and an opposite sound direction
1065 towards which the directional microphones 105a, 1056
are directed. The portable electronic device 100 comprises a
housing 101 for housing the portable electronic device 100,
for example the electronic circuits and printed circuit board of
the portable electronic device 100. For both directional
microphones 1054, 1055 a common hole 1034 is mounted in
the housing 101 and for each of the directional microphones
105a, 1055 two other holes are mounted in the housing 101,
a second hole 1035 for the first directional microphone 1054
and a third hole 103¢ for the second directional microphone
1055. The common hole 1034 is mounted in the bottom side
153 of the housing 101, the second hole 1035 is mounted in
the front side 161 of the housing 101 and the third hole 103¢
is mounted in the back side 163 of the housing 101. The two
directional microphones 1054, 1055 are pointing through the
common hole 1034 in different directions.

When the housing 101 has the typical form of a mobile
phone housing, i.e., as a rectangular hollow plate with round
edges, the second and third holes 1035, 103¢ for the micro-
phones 1054, 1055 are mounted in the front 161 and back 163
sides ofthe housing 101 and the common hole 1034 shared by
both microphones 105a, 1055 is mounted in the bottom side
153. In an alternative implementation form, the second and
third holes 10354, 103¢ for the microphones 105a, 1055 are
mounted in the front 161 and back 163 sides of the housing
101 and the common hole 1034 shared by both microphones
105a, 1055 is mounted in the top side 153.

The two directional microphones 105a, 1055 are placed
coincidentally in the housing 101, i.e., placed at the same
position of the housing 101. The direct sound direction 106a
of'each microphone 1054, 1055 is oriented towards the com-
mon hole 103a and the opposite sound direction 1065 of each
microphone 105a, 1055 is oriented towards the second 1035
and the third 103¢ hole, respectively.

In an implementation form, the portable electronic device
is a mobile phone. In an implementation form, the portable
electronic device is a Smartphone. In an implementation
form, the portable electronic device is a Tablet PC.

The housing 101 is formed as a hollow plate defined by two
main areas, which are the areas of largest size, which are here
the area carrying the screen 185 and the area opposite thereof,
i.e., the back cover side which may carry the camera as
depicted in FIG. 8. These two main areas define the front side
161 and the back side 163 of the housing 101. The front side
161 and the back side 163 are framed by a top side 151, a
bottom side 153 and a first 155 and a second 157 lateral side.
The top side 151 is located at the top of the mobile device 100
in the front view 180 illustration of FIG. 1. The bottom side
153 is located at the bottom of the mobile device 100 in the
front view 180 illustration. The first lateral side 155 is located
at the left side of the mobile device 100 in the front view 180
illustration and the second lateral side 157 is located at the
right side of the mobile device 100 in the front view 180
illustration.

In an implementation form, the housing 101 is formed as a
rectangular plate. In an implementation form, the housing is
formed as a square plate.

In further embodiments the housing 101 may have differ-
ent designs, wherein in particular, the back side 163, the top
side 151, the bottom side 153 and the two lateral sides 155,
157 can be flat, curved, graded, etc., and wherein, further-
more, depending on the form of the sides the transition
between neighboring sides may be smooth, in particular in
case of radiated or rounded backsides.
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In an implementation form, the two directional micro-
phones 1054, 1055 are cardioid microphones or figure-eight
microphones. In an implementation form, the housing 101
has a thickness smaller than 2 cm, e.g., when the housing 101
houses a Notebook. In an implementation form, the housing
101 has a thickness smaller than 1 cm, e.g., when the housing
101 houses a TabletPC. In an implementation form, the hous-
ing 101 has a thickness smaller than 0.8 cm, e.g., when the
housing 101 houses a mobile phone or a Smartphone.

In an implementation form, the common hole 103¢a is
located in the bottom side 153 of the housing 101 such that
directivity polar patterns 108 of the two directional micro-
phones 1054, 1055 are directed towards the bottom side 153
of the housing 101. The second hole 1035 is located in a
bottom section of the front side 161 and the third hole 103¢ is
located in a bottom section of the back side 163 of the housing
101. According to this positioning of the holes 103a, 1035,
103c, the directivity polar patterns 108 of the two directional
microphones 1054, 1055 are directed towards the bottom side
153 of the housing 101.

In an alternative implementation form, the common hole
103a is located in the top side 151 of the housing 101 such that
directivity polar patterns 108 of the two directional micro-
phones 1054, 1055 are directed towards the top side 151 of the
housing 101. The second hole 1035 is located in a top section
of'the front side 161 and the third hole 103c¢ is located in a top
section of the back side 163 of the housing 101. According to
this positioning of the holes 103a, 1035, 103¢, the directivity
polar patterns 108 of the two directional microphones 105a,
10554 are directed towards the top side 151 of the housing 101.

Unlike omnidirectional microphones, directional micro-
phones need two holes 1034, 1035 in the housing 101 in order
to measure the sound pressure gradient. According to aspects
of the invention, one of those two holes 103a, 1035 is a
common hole shared by both directional microphones.

The common hole 1034 is shared between the two direc-
tional microphones 1054, 1055. This hole 1034 is located at
the bottom 153 of the device 100. The other two holes 1035,
103¢ are placed in the front 161 and back side 163 of the
device 100 respectively. The directivity polar patterns 108 of
the two microphones 105a, 1055 are directed toward the
bottom 153 of the device 100. In an alternative embodiment,
the stereo microphone 105a, 1055 points toward the top 151
of'the device 100. The common hole 103a is located at the top
151 of the device 100 and the two other holes 1035, 103¢ are
in the top front and top back side of the device 100. This kind
of stereo microphone can be used for stereo recording, e.g.,
for reporter applications.

FIG. 2 shows a perspective diagram including front view
180, back view 186, bottom view 182 and side view 184 of a
portable electronic device 200 arranged in portrait position
according to an implementation form.

The portable electronic device 200 comprises two direc-
tional microphones 105a, 1055 for stereo sound pickup. Each
one of the two directional microphones 105a, 1055 defines a
direct sound direction 1064 and an opposite sound direction
1065 towards which the directional microphones 105a, 1055
are directed. The portable electronic device 200 comprises a
housing 101 for housing the electronic circuits and printed
circuit board of the portable electronic device 200. For both
directional microphones 1054, 1056 a common hole 103« is
mounted in the housing 101 and for each of the directional
microphones 105a, 1055 two other holes are mounted in the
housing 101, a second hole 1035 for the first directional
microphone 1054 and a third hole 103¢ for the second direc-
tional microphone 1055. The common hole 1034 is mounted
in the front side 161 of the housing 101, the second hole 1035

10

15

20

25

30

35

40

45

50

55

60

65

12

and the third hole 103¢ are mounted in the bottom side 153 of
the housing 101. By that location of the holes 1034, 1035,
103¢ and microphones 1054, 1055 the directivity polar pat-
terns 108 of the two directional microphones 1054, 1055 are
directed towards the front side 161 of the housing 101 under
an angle y with respect to horizontal (according to the orien-
tation of FIG. 2, or more general with respect to the orthogo-
nal of the plane defined by the front side) and under an angle
d with regard to the plane defined by the front side 161,
wherein y+3=90°.

When the housing 101 has the typical form of a mobile
phone housing, i.e., as a rectangular hollow plate with round
edges, the second and third holes 1035, 103¢ for the micro-
phones 1054, 10556 are mounted in the bottom side 153 of the
housing 101 and the common hole 103a¢ shared by both
microphones 1054, 1055 is mounted in the front side 161.

Inan alternative implementation form, the second and third
holes 1035, 103¢ for the microphones 105a, 1055 are
mounted in the top side 151 of the housing 101 and the
common hole 1034 shared by both microphones 105a, 1055
is mounted in the front side 161. In an alternative implemen-
tation form, the second and third holes 1035, 103¢ for the
microphones 105a, 1055 are mounted in the bottom side 153
of'the housing 101 and the common hole 103a shared by both
microphones 1054, 1055 is mounted in the back side 163.

Inan alternative implementation form, the second and third
holes 1035, 103¢ for the microphones 105a, 1055 are
mounted in the top side 151 of the housing 101 and the
common hole 1034 shared by both microphones 105a, 1055
is mounted in the back side 163.

In FIG. 2, there are two holes 1035, 103¢ in the short
bottom side 153 of the device 200. The common hole 103a of
each directional microphone 1054, 1055 is placed in the long
front side 161 of the device 200. The directivity polar patterns
108 of the two microphones 105a, 1055 are directed toward
the long front side 161 of the device 200. The angle y of each
microphone 1054, 1055 with respect to the horizontal and the
angle d with respect to the vertical determine the recording
direction 610, 710, wherein the angle § determines the stereo
image width.

The common hole 103a is placed in the front side 161 of the
device 200, for instance just under the screen 185 of a Smart-
phone or tablet. The other two holes 1035, 103¢ of the two
directional microphones 1054, 1055 are located in the bottom
153 of the device 200. The directivity polar patterns 108 of
these two directional microphones 105a, 1056 are directed
toward the front side 161 of the device 200. The angle v
respectively d defined by the position of the front hole, i.e., the
common hole 103a, and the position of the bottom holes, i.e.,
the second 1035 and third 103¢ hole, defines the directivity of
the stereo microphone and the recording direction 610, 710 of
the microphone arrangement for stereo recording. For a large
v, the directional microphones are oriented towards the top of
the portable electronic device. In order to have good quality
for user taking place in front of the screen, the angle y should
beselected to be smaller than 45 degrees. For this purpose, the
distance d which defines the position of the common hole
from the bottom side of the portable electronic device should
be selected as small as possible.

In alternative embodiments of the ones described in FIG. 2
and FIG. 3, the opposite sound directions of the two direc-
tional microphones are directed towards the common hole
1034. The direct sound directions of the two directional
microphones are directed towards the two separated holes
(1035 and 103¢).

FIG. 3 shows a perspective diagram including front view
180, back view 186, bottom view 182 and side view 184 of a
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portable electronic device 300 arranged in portrait position
according to an implementation form.

The portable electronic device 300 comprises four direc-
tional microphones 1054, 1055, 105¢ and 1054 for stereo
sound pickup. Each one of the four directional microphones
105a, 10556, 105¢ and 105d defines a direct sound direction
106a and an opposite sound direction 1065 towards which the
directional microphones 105a, 1055, 105¢ and 1054 are
directed. The portable electronic device 300 comprises a
housing 101 for housing the electronic circuits and printed
circuit board of the portable electronic device 300. For each
pair of directional microphones 1054, 1055 and 105¢, 1054 at
least one common hole is mounted in the housing 101, a first
common hole 123a for a first pair 105a, 1055 of directional
microphones and a second common hole 143a for a second
pair 105¢, 1054 of directional microphones. The first com-
mon hole 1234 is mounted in the front side 161 of the housing
101, the second common hole 143a is mounted in the back
side 163 of the housing 101. The other (complementary)
holes 1235 and 1435 which are required for the directional
microphones are mounted in the front side 161 of the housing
101 for 1235 and in the back side 163 for 1435, forming an X.
By that location of the two common holes 123a, 1235, the
four complementary holes and the four microphones 105a,
1055, 105¢, 1054 directivity polar patterns 108 of the four
directional microphones 1054, 10556, 105¢, 1054 are directed
towards the front side 161 and towards the back side 163 of
the housing 101.

The first common hole 1234 represents a front side hole for
the first directional microphone 105a and a back side hole for
the second directional microphone 1055, wherein the first
directional microphone 105¢ and the second directional
microphone 1055 are, for example, mounted above respec-
tively below each other as shown in FIG. 3. The second
common hole 1235 represents a front side hole for the third
directional microphone 105¢ and a back side hole for the
fourth directional microphone 1054, wherein the third direc-
tional microphone 105¢ and the fourth directional micro-
phone 1054 are, for example, mounted above respectively
below each other as shown in FIG. 3. The third common hole
143a represents a back side hole for the third directional
microphone 105¢ and a front side hole for the fourth direc-
tional microphone 1054. The fourth common hole 1435 rep-
resents a back side hole for the first directional microphone
1054 and a front side hole for the second directional micro-
phone 1055.

The first and the second directional microphones 105a,
1055 and the third and the fourth directional microphones
105¢, 105d are arranged in pairs in the housing 101. The two
pairs of directional microphones 105a, 1055, 105¢, 1054 are
arranged in the housing 101 to form an angle [} determining a
stereo image width of the two stereo microphone arrange-
ments, with 105a and 105¢ being the first stereo microphone
arrangement and 10556 and 1054 being the second stereo
microphone arrangement. In an implementation form, the
angle f§ is between 60 and 120 degrees.

In an implementation form, the portable electronic device
300 comprises a first camera 131, i.e. a front camera mounted
in the front side 161 of the housing 101 and a second camera
133, i.e. a rear camera mounted in the back side 163 of the
housing 101. A controller (not shown in FIG. 3) controls the
selection of the two pairs of microphones 1054, 1055, 105¢,
105d and selection of the two cameras 131, 133 according to
a selection criterion.

In an implementation form, the portable electronic device
300 comprises two common holes 123 and 143 where 1234
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and 1235 are merged in a common hole 123 and 143a and
1435 are merged in a common hole 143.

In an implementation form, the four directional micro-
phones 105a, 1055, 105¢, 1054 are arranged in the housing
101 such that the direct sound direction 106a of the first
directional microphone 1054 points to the opposite sound
direction 1065 of the second directional microphone 1055,
and the direct sound direction 1064 of the third directional
microphone 105¢ points to the opposite sound direction 1065
of the fourth directional microphone 1054.

The portable electronic device 300 shown in FIG. 3 is
based on four directional microphones 105a, 1055, 105¢ and
1054, for instance cardioid microphones, with two common
holes 123a and 1235 which are placed in the front 161 and
two common holes 143a and 1435 which are placed in the
back sides 163 of the device 300, for instance just under the
screen 185 of a Smartphone or tablet. The directional micro-
phones 105a, 1055, 105¢ and 1054 are arranged by pairs in
the housing 101. For each pair, the two microphones are
pointing in the opposite direction, one toward the front side
161 of the device 300 and the other one to the back side 163.
The angle p between the two pairs of microphones 105a,
1055 and 105¢, 1054 determines the stereo image width of the
two stereo microphone arrangements 105a & 105¢ and 1055
& 105d.

One of the advantages of this implementation form is the
capacity to control the orientation of the stereo recording
toward the selected side. In an alternative implementation
form, the selection of one of the two stereo microphone
arrangements (105a & 105¢ and 1056 & 105d) is controlled
together with the selection of the camera. When the terminal
is equipped for videoconferencing applications with two
cameras, e.g., one camera 131 positioned in the front and
another camera 133 on the back 163, the user can select which
camera is used and transmitted. In this implementation form,
the selection of the stereo microphone arrangement (105¢ &
105¢ or 1055 & 1054) is associated with the selected camera
131, 133. For example, the directional microphones 105a and
105¢ form a first stereo microphone arrangement of direc-
tional microphones with their direct sound directions point-
ing towards to the front side, and are selected in case the front
camera 131 is selected, and the directional microphones 1055
and 1054 form a second stereo microphone arrangement of
directional microphones with their direct sound directions
pointing towards to the backside, and are selected in case the
backside camera 133 is selected.

FIG. 4 shows a first scenario 400 for operating a portable
electronic device 405 according to an implementation form as
described with respect to one of the FIGS. 1 to 3. In the first
scenario, the user B holds the device 405 and lets the stereo
microphone 403 point to the sound source to make a stereo
recording. User B interviews two other users A and C at the
same time. User B uses his mobile phone to record the stereo
sound scene including the two talkers A and C. When the
recorded stereo signal is played out by a stereo reproduction
system, A and C are located as if they are just sitting in front
of the listener.

FIG. 5 shows a second scenario 500 for operating a por-
table electronic device according to an implementation form.
In the second scenario, the user 501 puts the device 507 on the
table 505 and stereo sound pickup is done for the front. The
user 501 just puts his mobile phone 507 on the table 505 and
records every sound in his living room. The angle y defining
the orientation of the stereo sound recording, i.e., the central
direction of the stereo microphone arrangement which is
defined as the direction which is equidistant from each direc-
tional microphone direction, can be defined in order to point
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toward the vertical direction, i.e., in front of the screen, in
order to get the best stereo representation of the sound scene.

What is claimed is:

1. A portable electronic device, comprising:

a housing comprising a front side and a back side that are
framed by a top side, a bottom side and two lateral sides,
the housing having a plurality of holes; and

a plurality of directional microphones mounted in the
housing and placed coincidentally for stereo sound
pickup, each one of the directional microphones defin-
ing a main sound axis and each one of the directional
microphones defining a direct sound direction and an
opposite sound direction which describe opposite direc-
tions of the main sound axis;

wherein the plurality of holes comprises a common hole
located in the bottom side of the housing, a second hole
located in a bottom section of the front side, and a third
hole located in a bottom section of the back side;

wherein the common hole is shared between first and sec-
ond directional microphones among the plurality of
directional microphones such that the direct sound
directions of the first and second directional micro-
phones are pointing through the common hole in differ-
ent directions, and

wherein the opposite direction of first directional micro-
phone is oriented towards the second hole and the oppo-
site direction of the second directional microphone is
oriented towards the third hole.

2. The portable electronic device of claim 1, wherein the
housing is configured for housing the portable electronic
device.

3. The portable electronic device of claim 1, wherein direc-
tivity polar patterns of the first and second directional micro-
phones are directed towards the bottom side of the housing.

4. The portable electronic device of claim 1, wherein the
first and second directional microphones are arranged in the
housing such as to form an angle § determining a stereo image
width of the two directional microphones, the angle
between 60 and 120 degrees.

5. The portable electronic device of claim 1, wherein the
common hole and the second and third holes are arranged in
the housing to form an angle y and an angle 9, respectively,
determining a central direction of the coincident arrangement
of the first and second directional microphones.

6. The portable electronic device of claim 1, wherein the
first and second directional microphones are cardioid micro-
phones or figure-eight microphones.

7. The portable electronic device of claim 6, wherein a
thickness of the housing is smaller than 2 cm.

8. The portable electronic device of claim 7, wherein the
thickness of the housing is smaller than 1 cm.

9. The portable electronic device of claim 1, wherein a
thickness of the housing is smaller than 2 cm.

10. The portable electronic device of claim 9, wherein the
thickness of the housing is smaller than 1 cm.

11. A portable electronic device, comprising:

a housing comprising a front side and a back side that are
framed by a top side, a bottom side and two lateral sides,
the housing having a plurality of holes; and

four directional microphones mounted in the housing and
placed coincidentally for stereo sound pickup, each one
of the four directional microphones defining a main
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sound axis and each one of the four directional micro-
phones defining a direct sound direction and an opposite
sound direction which describe opposite directions of
the main sound axis;

wherein the plurality ofholes comprises a first and a second
common hole, wherein the first common hole is a com-
mon hole shared between the first and the second direc-
tional microphones; and wherein the second common
hole is a common hole shared between the third and the
fourth directional microphones.

12. The portable electronic device of claim 11, wherein the
first and the second common holes are located in the front side
of the housing.

13. The portable electronic device of claim 11, wherein the
first and the third directional microphones and the second and
the fourth directional microphones are arranged as pairs of
coincident directional microphones in the housing.

14. The portable electronic device of claim 13, wherein the
two pairs of coincident directional microphones are arranged
in the housing to form an angle [ determining a stereo image
width of the two pairs of microphones, the angle  between 60
and 120 degrees.

15. The portable electronic device of claim 13, comprising
a first camera mounted in the front side of the housing, a
second camera mounted in the back side of the housing and a
controller configured to control the selection of one of the two
pairs of microphones and the selection of one of the two
cameras.

16. The portable electronic device of claim 11, wherein the
four directional microphones are arranged in the housing
such that the direct sound direction of the first directional
microphone points to the opposite sound direction of the
second directional microphone, and such that the direct sound
direction of the third directional microphone points to the
opposite sound direction of the fourth directional micro-
phone.

17. A portable electronic device, comprising:

a housing comprising a front side and a back side that are
framed by a top side, a bottom side and two lateral sides,
the housing having a plurality of holes; and

a plurality of directional microphones mounted in the
housing and placed coincidentally for stereo sound
pickup, each one of the directional microphones defin-
ing a main sound axis and each one of the directional
microphones defining a direct sound direction and an
opposite sound direction which describe opposite direc-
tions of the main sound axis;

wherein the plurality of holes comprises a common hole
located in the front side of the housing, and second and
third holes located in the bottom side of the housing;

wherein the common hole is shared between first and sec-
ond directional microphones among the plurality of
directional microphones such that the direct sound
directions of the first and second directional micro-
phones are pointing through the common hole in differ-
ent directions, and

wherein the opposite direction of first directional micro-
phone is oriented towards the second hole and the oppo-
site direction of the second directional microphone is
oriented towards the third hole.
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